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Financial market liquidity 
and the lender of last resort
In the summer 2007, difﬁ  culties in the US subprime mortgage markets have led to disruptive developments 
in many ﬁ  nancial market segments, in particular in interbank money markets, where central banks 
in the US and in Europe repeatedly intervened to restore smooth market functioning. This article investigates 
the circumstances in which liquidity shortages may appear in ﬁ  nancial markets and evaluates a number of 
options available to the lender of last resort wishing to restore ﬁ  nancial stability. It also suggests that the 
consideration of balance sheet data is not sufﬁ  cient for evaluating the risks of leveraged ﬁ  nancial entities. 
Instead, the analysis calls for an explicit consideration of collateral pledges, market illiquidity, and potential 
non-availability of market prices.
Our main messages can be summarised as follows. First, we provide a clear hierarchy across policy 
alternatives. Taking a risk-efﬁ  ciency perspective, it turns out that targeted liquidity assistance is preferable 
to market-wide non-discriminatory liquidity injections. In particular, when liquidity may be alternatively 
used for speculative purposes during the crisis, non-discriminating open market operations may attract 
unfunded market participants that divert funding resources away from its best uses in the ﬁ  nancial sector. 
As a consequence, targeted liquidity assistance may become strictly superior.
Second, we suggest that forced asset sales may lead to disruptive market developments in a context where 
ﬁ  nancial investors are highly leveraged. Assuming away external funding or renegociability of debt contracts, 
a fully leveraged investor hit by a liquidity shock would have to liquidate some assets. When markets are not 
perfectly liquid, asset liquidation depresses market prices. Under standard risk management constraints, lower 
prices induce a re-evaluation of marked-to-market balance sheets, provoke margin calls, and trigger further 
selling. In the worst scenario, the leveraged investor may not be able to face the sum of liquidity outﬂ  ows and 
subsequent margin calls. In that case, the market for illiquid assets breaks down, rendering the valuation of 
such assets an ambiguous exercise. For investors, such potential trading disruptions imply that the loss that 
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pisodes of ﬁ   nancial market disruptions 
closely associated with liquidity shortages 
in equity and money markets have revived 
interest in the lender of last resort (LLR) debate. This 
article contributes to this debate by looking beyond 
“liquidity” stricto sensu. It relates LLR interventions 
to the issues of asset valuation, risk management, 
forced portfolio liquidations in potentially illiquid 
markets, and ﬁ  nancial leverage.
The rest of this paper is structured as follows. 
Section 1 outlines the link between liquidity, 
money markets and the LLR. Section 2 comments 
and illustrates the liquidity crisis that started in 
August 2007 in most developed ﬁ  nancial markets. 
Section 3 investigates how strategic considerations 
may entail liquidity disruptions. Section 4 considers 
three policy alternatives, emergency lending, open 
market operation, and outright intervention in the 
asset market, and investigates the impact of these 
policies on the trade-off between market efﬁ  ciency 
and central bank exposure.
1| LIQUIDITY, MONEY MARKETS 
  AND THE LENDER 
  OF LAST RESORT
A few years ago, Borio (2004) stated that “the genesis 
of market distress resembles quite closely those of 
banking distress”. Understanding liquidity in terms of 
the interdependencies between individual ﬁ  nancial 
institutions and market dynamics therefore seems 
meaningful for monetary and ﬁ  nancial stability 
purposes (Davis, 1994).1
Different deﬁ  nitions of liquidity have been discussed 
in earlier issues of the Financial Stability Review.2 
Over time, the basic understanding of “funding” 
liquidity –ability to meet cash obligations when 
due– has been extended in the direction of “market 
liquidity” to encompass the ability of ﬁ  nancial 
investors to literally liquidate a non-cash asset 
–e.g. an investment security originally bought to be 
held to maturity– so as to raise central bank money.3
As a preamble to the analysis of LLR positions in the 
context of market illiquidity, this section presents 
the link between illiquidity risks and contagion in 
the speciﬁ  c context of money markets (1|1), before 
recalling why the money market is key for LLR 
interventions (1|2).
1|1 Illiquidity  risk,  contagion 
  and the money market
Liquidity risk, when it materialises in the case of 
a “systemic” institution, may entail contagion and 
jeopardise macroeconomic and ﬁ  nancial stability. 
The literature on liquidity and banking crises 
has identiﬁ  ed a number of central factors driving 
contagious failures of ﬁ  nancial institutions. These 
factors include the following:
￿ peer monitoring in the money market (Rochet and 
Tirole, 1996);
￿ liquidation of interbank deposits in response to 
unexpected deposit withdrawals (Allen and Gale, 
2000) or fears of insufﬁ  cient reserves (Freixas, Parigi, 
and Rochet, 2000);
￿  adverse selection in interbank lending when 
information about the solvency of borrowers is 
imperfect (Flannery, 1996);
￿ limited capacity of ﬁ  nancial markets to absorb assets 
sales (Allen and Gale, 2002, 2004, 2005; Gorton and 
Huang, 2002; Schnabel and Shin, 2004); inefﬁ  ciency 
of asset liquidations (Diamond and Rajan, 2000);
￿  strength of direct balance sheet interlinkages 
(Cifuentes, 2002; Eichberger and Summer, 2005);4
￿ coordination problem when secondary market 
lenders are heterogenously informed (Rochet and 
Vives, 2004);
1  This section and Box 1 draw signiﬁ  cantly on Hartmann and Valla (2007).
2  See Bervas (2006) and Saes, Tiesset and Valla (2007).
3  For example, holding a liquid instrument may be of little value in an emergency situation if suddenly, no trading partner willing to buy the supposedly liquid asset at a 
reasonable price can be found in the market. Also, as noted by Brunnermeier and Pedersen (2005), funding liquidity to dealers, investment banks, etc. enhances trading and 
market liquidity. Reciprocally, market liquidity, by improving the collateral value of assets (margins are typically lower in a liquid market), eases funding constraints.
4  See Cifuentes et al. (2005) for references to speciﬁ  c country studies in Switzerland, Germany, the U.S., the U.K. and Austria. Models using actual cross-exposures 
in real banking systems are typically calibrated to simulate the effects of an individual failure on the system as a whole.ARTICLES
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￿ double moral hazard problem involving the tasks 
of screening loan applicants and monitoring ongoing 
credit relationships (Freixas, Parigi and Rochet, 2004);
￿ phenomena related to changes in asset prices 
(Cifuentes, Ferrucci and Shin, 2005).5
Contagion takes a particular dimension in money 
markets. One of their key functions is to allocate 
liquidity in the economy. Efﬁ  cient and stable money 
markets enable economic agents to invest short-term 
revenues in a proﬁ  table way and meet payment and 
short-term ﬁ  nancing needs at short notice, even under 
uncertainty. At the same time, money markets are 
also a decisive platform for implementing policies. 
For monetary policy purposes, the interest rates of 
an economy are steered through the money markets. 
Likewise, the operational phases of many LLR 
interventions are conducted via money markets. This 
central position of money markets and central banks 
was already emphasized by Bagehot (1873) in his 
pittoresque historical account of Lombard Street.
The extent to which interbank exposure may lead to 
critical interlinkages is still a relatively unexplored 
issue (De Bandt and Hartmann, 2002). However, 
some speciﬁ  c money market segments may turn 
out to be more critical than others for the (non) 
propagation of liquidity shortages. For instance, the 
market for repos (repurchase agreements secured by 
speciﬁ  c securities) is currently a key segment of the 
money markets. It fulﬁ  lls a crucial role, in normal 
times for the reallocation of liquidity among banks, 
and in times of stress when it can be expected to 
act as a safety net for the smoothness of interbank 
cash-ﬂ  ows. It belongs to the inner core of the money 
market, the interbank market, which encompasses 
unsecured (deposits, other interbank liabilities) and 
secured (repos and other collateralized short-term 
loans) instruments and derivatives.
Unfortunately, scarce data and conﬁ  dentiality issues 
are an impediment for broader empirical evidence 
on interbank contagion risk. Evidence ranges from 
limited (Furﬁ  ne, 2003) to substantial (Upper and 
Worms, 2004, Degryse and Nguyen, 2004, Mistrulli, 
2005) contagion risk.
Tables 1 and 2 depict as a backgound the uses of the 
main money market instruments (Table 1) and the 
key players involved (Table 2), as can be currently 
described in the euro context.
Table 1
Money market instruments and uses
Instrument Use
Unsecured cash transactions (deposits)
Maturities: overnight to one year.
￿ Satisfy reserve requirements (banks)
￿ Manage ﬂ  uctuations in customers’ cash ﬂ  ows (banks)
Secured cash transactions (repos)
Maturities: overnight to one year.
￿ Manage liquidity (banks)
￿ Possibly exploit opportunities associated with expected interest rate 
changes (dealers)
￿ Regular open market operations (OMOs) (central banks)
Money market derivatives (short-term forward rate 
agreements, interest rate swaps, foreign currency swaps, and 
options), in particular:
￿ Manage risks
￿ Take speculative positions
￿ Saving economic or even regulatory capital
– Forex swaps ￿ Transform the currency denomination of assets and liabilities so as 
to trade in or out of a speciﬁ  c currency risk
– Interest rate swaps / forwards ￿ Hedge against changes in interest rates
￿ Take speculative positions
Short-term securities (Treasury bills and other short-term 
government securities, commercial paper, bank certiﬁ  cates 
of deposits, certiﬁ  cates issued by non-bank entities 
– e.g. corporations, local government, mortgage institutions, 
and ﬁ  nance companies), in particular:
– Certiﬁ  cates of deposits ￿ Short-term source of ﬁ  nancing (banks)
– Commercial paper ￿ Secured and unsecured instrument (banks, to ﬁ  nance loans, or ﬁ  rms)
5  The liquidity-based approach to understanding ﬁ  nancial crises via asset price ﬂ  uctuations has been developed at length by Franklin Allen and Douglas Gale. With 
incomplete markets, ﬁ  nancial institutions may be forced to sell assets to obtain liquidity. Because the supply of and demand for liquidity are likely to be inelastic 
in the short-run, even little aggregate uncertainty may cause large ﬂ  uctuations in asset prices (among others, Allen and Gale (2005) and references therein).ARTICLES
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With this structure in mind, it can be seen that the 
decisions taken by money market investors may 
have an impact on adverse developments in other 
ﬁ  nancial markets or on the ﬁ  nancing of the real 
economy. For example, corporate borrowers in the 
short-term securities segment can be seriously hit 
if, in the context of a “ﬂ  ight to quality”, commercial 
paper is shunned and investment ﬂ  ows towards safer 
short-term government debt. This may in turn have 
an impact on government bond yields and may be 
transmitted along the yield curve. Another channel 
through which money market developments may 
have external effects is via the behaviour of large 
institutional investors such as money market funds. 
If for some reason the latter decide to “ﬂ  y to quality”, 
they may indiscriminately leave the short-term 
corporate funding market (commercial paper and 
certiﬁ  cates of deposits) for safer havens. Given that 
the market for CDs is fuelled by ﬁ  nancial institutions’ 
issuance, other segments of the ﬁ  nancial system 
may also be affected.
1|2  Money market liquidity 
  and the lender of last resort
All in all, theory and empirical evidence suggest 
that contagion via the money market and the 
propagation of instability to other segments of the 
ﬁ  nancial system can potentially be strong. In this 
context, while banks should in principle activate risk 
management policies to handle money market risks, 
central banks are probably the only institution, if 
at all, in a position to stabilize the money market 
through liquidity management operations.
Under normal circumstances, central banks 
interventions in the money market for monetary 
policy purposes is of an operational nature. Should 
such interventions become an instrument for 
emergency liquidity injections in times of crisis? 
The “historical” doctrine contends that central 
banks should only lend to solvent banks against good 
collateral. Credit should be extended to all illiquid 
banks at a penalty rate, and the readiness to lend 
without limits should be ex ante announced to the 
market (Thornton, 1802; Bagehot, 1873).6 Overall, 
it seems that these principles have not always been 
respected. In particular, empirical evidence suggests 
that insolvent banks are often bailed out, and that 
failing banks are more often rescued than liquidated 
(Goodhart and Schoenmaker, 1995; Hoffman and 
Santomero, 1998).
More generally, this seminal approach has been 
questioned at two levels. First, it might be desirable, 
under some circumstances, to extend LLR loans to 
insolvent institutions. Practice has shown that it 
is often difﬁ  cult to distinguish ex ante –i.e. when a 
decision on an emergency intervention is needed– 
between liquidity and solvency issues. This “grey 
area” between temporary liquidity distress and 
more structural solvency problems in ﬁ  nancial 
institutions under strain implies that it might 
sometimes be necessary to grant central bank 
funding to institutions that may turn out ex post to 




Central banks ￿ Carry out OMOs
￿ Implement the short-term interest rate reﬂ  ecting its monetary policy stance
￿ Inject / withdraw liquidity from the banking sector as necessary
Domestic and foreign banks ￿ Trade in the “secondary” money market (mostly interbank)
￿ Act as market makers (or dealers) offering quotes and being willing 
to trade on a permanent basis
Other ﬁ  nancial institutions 
(money market funds, insurance companies, pension funds, 
large non-ﬁ  nancial corporations...)
￿ Trade (outside the interbank market)
Governments ￿ Borrow in the primary short-term securities markets
Market organisers ￿ Offer brokerage services, organise exchange, provide information
6  The literature on central banks’ role as a lender of last resort has been surveyed many times, e.g. by Freixas et al. (1999). Historical evidence on the use of LLR 
interventions to mitigate banking crises is reviewed in Bordo (1990).ARTICLES
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Second, if central banks bear some responsibility 
for the stability of the ﬁ  nancial system, it may be 
desirable not to exclude the possibility to rescue 
insolvent banks on ﬁ   nancial stability grounds 
(Solow, 1982). Central banks have to strike a balance 
between the risks of contagion and the moral hazard 
that such interventions induce.
Ways to mitigate LLR-induced moral hazard have been 
suggested in the literature. In theory, banks above a 
certain size could be systematically rescued while 
smaller institutions would be only randomly bailed 
out (Goodhart and Huang, 1999). Or, interventions 
could be made conditional on the amount of uninsured 
debt issued by the respective bank(s) (Freixas, 
1999). Acharya and Yorulmazer (2006) argue that 
the inefﬁ  cient liquidation of assets in the presence 
of large or contagious bank failures may justify 
bail-outs. Liquidity assistance to surviving banks 
could however reach similar results. It should be 
kept in mind, though, that solvency issues go much 
beyond the realm of money markets and central 
banks. When it comes to bail-outs of insolvent banks, 
then the role of government authorities becomes 
much more important.
Fundamental critiques of emergency liquidity 
assistance (ELA) to individual ﬁ  nancial institutions 
have put forward the ability of modern interbank 
markets to reallocate liquidity efﬁ  ciently within 
the banking system when needed. As a result, 
interventions in favour of individual banks are 
unnecessary in a market context where aggregate 
liquidity imbalances can be corrected by the central 
bank through liquidity injections in the open market 
(“lending to the market”). Concentrating on the 
federal funds market, Goodfriend and King (1988) 
consider that the market spontaneously delivers the 
‘desired allocation of bank reserves within the banking 
system at the rate decided upon by the central bank’. 
In the same vein, Schwartz (1992) regards the market 
as an informationally efﬁ  cient mechanism where 
insolvent institutions are not funded.
However, liquidity reallocation solely through 
market mechanisms might fail to channel liquidity 
to banks that need it. For example, potential lenders 
or other market participants may refrain from 
providing liquidity for strategic reasons (Rochet 
and Vives, 2004; Flannery, 1996). In addition, the 
malfunctioning of large value payment systems in 
a crisis may not allow interbank lending to reach 
the banks in need of liquidity (Freixas, Parigi, and 
Rochet, 2000). Some recent empirical literature 
argues, however, that US banks seem to have 
been successful in reallocating liquidity during 
periods of stress (see e.g. Strahan, Gatev, and 
Schuermann, 2004).
2| THE SUMMER 2007 
  MARKET LIQUIDITY SHORTAGE
During August 2007, the ﬁ   nancial sector has 
gone through a dramatic re-appraisal of the risks 
contained in structured credit. As a consequence 
of these developments, several hedge funds and 
structured investment vehicles (SIVs) stumbled into 
severe problems, in particular because established 
ﬁ   nancial channels through collateralized credit 
and asset-backed commercial paper turned out to 
be unsustainable under market stress. Financing 
could not be prolonged because creditors became 
concerned about market valuations of illiquid assets 
such as collateralized debt and loan obligations in a 
context where market (and prices) sometimes de facto 
disappeared. This section recalls the chronology of the 
August 2007 events (2|1), illustrates the implications 
liquidity shocks hitting fully leveraged investors 
may have (2|2) and reviews the steps undertaken by 
central banks at the outset of the crisis (2|3).
2|1 Chronology
Without beneﬁ  t of hindsight, it is difﬁ  cult to give 
a comprehensive account of the liquidity crunch 
that started in August 2007. This section therefore 
concentrates on the initial circumstances under 
which the crisis started.
The market disruption of August 2007 occurred in 
the general context of a continued drop in the market 
value of certain mortgage-backed securities earlier 
in the year –in particular, the “subprime” segment 
of the US market, i.e. loans to borrowers with poor 
credit value crowded-out of the standard mortgage 
market. Already in March 2007, market symptoms of 
subprime lender weakness (for example as was the 
case for New Century Financial) raised awareness of 
potential adverse developments in that sector.ARTICLES
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In this context, two key “sparkles” triggered a 
substantial market reaction. On August  2nd, it 
became public that IKB Deutsche Industriebank AG 
was ailing on account of its US subprime 
loans exposure. One week later, on August 9th, 
BNP Paribas announced that the quotation of 
three of its funds needed to be suspended for 
analogous reasons.
Following those events, the interbank market came 
under extreme strain. European banks became 
unable to secure the “usual” sources of ﬁ  nancing for 
investment vehicles potentially holding US subprime 
mortgages. This conﬁ  dence crisis in money markets 
had the following consequences. First, amidst 
increased market nervousness –foremost about 
banks– interbank lending rates, in particular for 
eurodollar deposits and asset backed commercial 
paper, rose sharply. Second, many segments of the 
structured credit and mortgage market ceased to 
trade at all, making it difﬁ  cult to price outstanding 
positions. Third, investors facing margin calls 
have sometimes even failed to raise enough cash 
through asset sales, thereby being forced to look for 
liquidity in the money market. Fourth, interbank 
lending became scarce in a context of liquidity 
hoarding. Finally, large-scale unwinding of leverage 
was undertaken.
2|2 Leverage,  margins 
  and forced portfolio liquidation
The summer 2007 events have shown that valuations 
for illiquid assets may be unavailable at the moment 
when the management of leveraged entities turns 
to the market to sell those assets. Speciﬁ  cally, 
distressed investors in search of ﬁ  nancing  by 
temporary disinvestment may “get stuck” because, 
even though the “true” valuation of assets exceeded 
the amount needed in cash, markets would not be 
willing to absorb the order ﬂ  ows that would create 
sufﬁ  cient revenue to guarantee survival.
As suggested in section 2|1, highly leveraged investment 
entities turned out, for a reason not anticipated, to 
liquidate a considerable fraction of their securities 
holdings. For instance, a hedge fund faced with an 
unexpected change in market conditions, may have 
to unwind positions in response to calls to repay loans 
in lack of sufﬁ  cient collateral (this situation has been 
studied by Stulz, 2007). Without external intervention, 
would survival be possible in such a situation? In 
case a partial liquidation through the market place 
can indeed save the investor from bankruptcy, the 
composition of the portfolio that should be sold will 
in turn determine the liquidity of individual assets. 
The numerical example developed in Box 1 shows that 
markets may become disrupted even when the initial 
liquidity imbalances are relatively small.7
Hedge funds are an example where risk management 
is outsourced to the prime broker who is also the 
provider of credit to the hedge fund. Depending on the 
strategy chosen, hedge funds tend to focus on a trading 
gain that can be realized if the willingness to accept 
risks is sufﬁ  ciently high. Leverage becomes crucial 
in the implementation of such a strategy because the 
trading margin may otherwise be too small to generate 
sufﬁ  cient investor interest. Once the market turns 
against the strategy, however, there may be no way 
out other than reversing the investment strategy.
Legal entities and structured investment vehicles
used for restructuring credit are another example. For 
instance, such conduits may issue commercial paper 
backed by credit claims taken from the originator’s 
balance sheet. The originator grants credit lines for 
the case that commercial paper cannot be rolled over, 
which helps the conduit get a better rating. However, 
if there are nevertheless concerns about the quality 
of the assets, those credit lines will have to be used.
The mechanism illustrated in Box 1 (and its 
formalisation in Ewerhart and Valla, 2007b) 
suggests that the consideration of balance sheet 
data may not be sufﬁ  cient for managing the risks 
of leveraged funds and investment vehicles.8 
7  Ewerhart and Valla (2007a) explore these questions –the conditions for successful and optimal forced liquidation of an investment portfolio in a collection of illiquid 
markets– from a theoretical perspective. Implications for risk management and prudential supervision of leveraged investment entities are also dicsussed in the paper. 
It is shown that higher margins make assets more liquid in a liquidation event caused by an unexpected loss or capital drain. Moreover, high correlation to other assets 
is detrimental to the liquidity of the individual asset. The paper also studies the impact of successful liquidations on relative asset prices, suggesting that effective risk 
management of leveraged ﬁ  nancial entities should focus on the entity’s potential to generate emergency cash-ﬂ  ows net of third-party claims for liquidity.
8  In addition, it is shownin Ewerhart and Valla (2007b) that the probabilities obtained by standard methods may be much too low for leveraged investors –in particular, 
marked-to-market accounting and value-at-risk ﬁ  gures may become meaningless for such legal entities, suggesting that the alleged “conﬁ  dence crisis” might even 
have a legitimate motivation. As a consequence, the probability of operational default can be much higher than suggested by standard risk measures.ARTICLES
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Box 1
Illustrative example of a forced portfolio liquidation by a leveraged institution
The problem faced by a leveraged investor forced to unwind a signiﬁ  cant fraction of its portfolio in a collection of illiquid markets 
can be illustrated through a numerical example. A corresponding model of distressed portfolio liquidations is proposed in 
Ewerhart and Valla (2007b).
In this example, the “investor” can be thought of as any 
sort of leveraged fund or investment vehicle. A leveraged 
investor, a sizable player in the ﬁ  nancial community, is 
equipped with the following balance sheet:
The investor’s creditors, who are the only providers of loans, require that funding must be secured by collateral, where haircuts 
of 15 and 30 percent are applied to the stock and to the exotic, respectively. With these parameters in place, it is not difﬁ  cult 
to verify that the investor is fully leveraged, i.e., the creditors would not be willing to provide additional funding for further 
investments.1 Indeed, the market value of the investor’s collateral, diminished by the respective haircut, corresponds to:
(1)  (100% –15%) x 1,200 + (100% – 30%) x 400 = 1,300
How will the investor’s balance sheet be re-adjusted when an unexpected event occurs? For instance, the investor might 
suffer from an unexpected operational loss of EUR50. To identify the optimal liquidation strategy in this example, the investor 
needs to form expectations about the likely market impact of the liquidation. We assume here that initially, the market price 
of the stock and the exotic has been EUR10 each (so that the investor has 120 and 40 securities, respectively, of each 
class in her portfolio).
The expected appreciation of the stock and of the exotic investment are expected to be approximately +EUR5 and +EUR11 
in the long run. The uncertainty in the returns is captured by standard deviations of EUR1 for the stock and EUR2 for the 
exotic investment, the correlation coefﬁ  cient between the two asset returns being zero in this example.
Assuming a realistic degree of risk aversion for market investors who may be willing to buy the asset (the market’s parameter 
of absolute risk aversion is set to 0.1 in this example), and ignoring potential indivisibilities, it turns out that it would be 
optimal to sell 34 stocks and 22 exotic investments, with a current market value of about EUR560, which is more than 
tenfold the initial loss that needed to be covered!
Why so much? First, the liquidation has a direct price impact that drives down the market value of the assets. Second 
and more importantly, this drop in the market value has a magnifying impact on the required liquidiation size. Indeed, as 
a consequence of the liquidation, market prices would –conveniently rounding ﬁ  gures for the example and given the risk 
aversion above– fall to EUR9.66 for the stock and to EUR9.12 for the exotic. These variations are clearly reﬂ  ected by the 
risk management constraint based on (1) recalculated at new market prices by the investor’s creditor.
The cash ﬂ  ow resulting from the settlement of the market order would be:
(2)  34 × 9.66 + 22 × 9.12 = 527




Stocks 1,200 Equity 300
Exotics 400 Loans 1,300
1  Scarcity of suitable collateral is illustrated by the recent regulatory concerns in the UK regarding the possibility that collateral may have been used twice by hedge funds.
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An  explicit consideration of collateral pledges, 
market illiquidity, and potential non-availability of 
market prices would be useful for the risk monitoring 
of leveraged funds and investment vehicles. This 
monitoring could take the form of comprehensive 
scenario analyses focusing in particular on internal 
liquidity ﬂ  ows that can be generated by the investor 
over a given horizon net of third-party claims for 
liquidity. Effective risk management would then 
make sure that this unencumbered cash-ﬂ  ow 
potential remains positive over staggered horizons 
with a high probability of conﬁ  dence.
2|3 Central  banks’  reactions 
  to the August 2007 liquidity slump
Market disruptions, forced liquidations and 
liquidity dry-ups, if inefﬁ  cient, may be a rationale 
for third party initiatives to act as LLR. During the 
summer 2007, central banks have reacted in different 
ways to smooth away the liquidity disruptions 
following the violent market ﬂ  uctuations of early 
August. The sequence of steps initially taken by 
central banks during the days following August 9th 
is summarised in Table 3 below.
Table 3 suggests that the reactions of central banks 
have been dissimilar in style, scope and timing. 
Three main “approaches” can be described.
From the very start, the Federal Reserve promised 
to “provide whatever funding” needed to preserve 
interbank lending at its desired interest rate of 5.25%. 
De facto, USD 38 billion was injected on August 10th. 
Noticeably, the unique collateral accepted by the 
Fed in this entire operation was (high-quality) 
mortgage-backed securities.
The ECB move signiﬁ  cantly surpassed in scale the 
steps taken by the Federal Reserve. In response 
to the sharp rise in overnight interest rates 
(ca. 70 basis points above its key policy rate of 4%), 
EUR 94.8 billion were injected in markets with the 
statement that the ECB stood “ready to assure orderly 
conditions in the euro money market”.9
By contrast, the Bank of England ﬁ  rst refrained to 
take immediate steps through market operations 
and made its ﬁ   rst direct emergency loan on 
21st August.
As a matter of fact, LLR interventions can take various 
forms, even when central banks remain within the 
range of consensual intervention instruments. In 
the sequel, the article presents microstructural 
and strategic factors that may accompany liquidity 
problems in ﬁ  nancial markets so as to rank the 
alternative policy options available to the LLR.10
9  On August 10th, the Financial Times’s headline was: “Central banks’ aggressive moves stun markets”, referring to the ECB liquidity auction.
10  In particular, we handle the case of large scale forced liquidations that depress asset prices, and not the case where liquidity completely vanishes following the 
decision by an investor to cease ﬁ  nancing speciﬁ  c SIVs that are unable to sell their assets when the secondary market (even temporarily) disappears.
However, another effect ampliﬁ  es the necessary liquidation. 
The combined impact of lowered prices and smaller number 
of securities held reduces the total value of the investor’s 
collateral basis. It can be checked that the investor’s 
balance sheet after the liquidation is given by:
In fact, after the liquidation, the credit limit of the fully leveraged investor reduces to merely:
(3)  (100% – 15%) x 833 + (100% – 30%) x 164 = 823
Thus, the difference amount of EUR477 to the earlier EUR1,300 will be requested immediately and in cash by the creditors. 
The investor’s net cash inﬂ  ow is therefore EUR527 –EUR477 = EUR50, i.e. just enough to cover the shock that triggered 
liquidation in the ﬁ  rst place. Moreover, the investor’s equity position has shrunk from EUR300 to EUR174, in response to 
an unexpected loss of only EUR50!
(EUR)
Assets Liabilities
Stocks 833 Equity 174
Exotics 164 Loans 823ARTICLES
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3| LIQUIDITY, 
  INVESTORS’ CONFIDENCE 
  AND STRATEGIC TRADE DELAYS
In this section, we envisage a ﬁ  nancial market in 
which some investors face the risk of having to 
liquidate their positions at prices below the fair value, 
while others stand ready to exploit the temporary 
illiquidity of the market. This scenario can be 
formally captured by adapting the convenient model 
of ﬁ  nancial market runs developed by Bernardo and 
Welch (2004).
Investor fear in the context of liquidity shortages can 
be schematized as follows. There is a population of 
risk neutral investors, each of whom owns a single 
unit of a ﬁ  nancial asset. If the asset is not sold, it 
Table 3




































“This liquidity-providing ﬁ  ne-tuning 
operation follows up on the operation 
conducted yesterday and aims 






























“The Federal Reserve will provide 
reserves as necessary through open 
market operations to promote trading in 
the federal funds market at rates close 
to the Federal Open Market Committee’s 
target rate of 5.25%. In current 
circumstances, depository institutions 
may experience unusual funding needs 
because of dislocations in money and 
credit markets. As always, the discount 
window is available as a source of 
funding.” “Direct loans through the Fed’s 





















“These activities are part of the Bank’s 
normal operational duties relating to 
the stability and efﬁ  cient function of 
Canada’s ﬁ  nancial system. The Bank is 
closely monitoring developments, and 









1) The highest since September 12, 2001.
Note: The Swiss National Bank conducted a CHF 2-3 bn OMO on 10th August stating that “Nothing has changed for us, we will react ﬂ  exibly to demand”. The Reserve 
Bank of Australia injected 4.95 Australian dollars through an OMO on 10th August with the statement “The bank is proceeding with normal dealing operations”. The 
Monetary Authority of Singapore lent 1.5 bn Singapore dollars in an OMO on the same day, saying it would “stand ready to inject liquidity”. The Bank of Norway also 
injected money into the ﬁ  nancial system and countries including Denmark, Indonesia and South Korea said they were ready to provide cash. Furthermore, foreign 
exchange interventions took place in Malaysia, the Philippines and Indonesia to support local currencies against the US dollar.
Sources: Central Bank Websites, Ofﬁ  cial Statements, Wall Street Journal.ARTICLES
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renders an uncertain terminal value. However, with 
a positive probability, the asset if not yet liquidated 
must be liquidated at an interim stage. Thus, the 
decision problem of the investor reﬂ  ects the intuitive 
conﬂ  ict that may arise in a situation of investor 
fear. Selling early works like an “insurance” and 
guarantees a certain price level. Yet, when the crisis 
does not realize, selling early is clearly suboptimal 
from an ex-post perspective. In contrast, not selling 
early is equivalent to speculating on increasing 
prices, while accepting a positive probability of 
losing money. Turning to the other side of the 
market, consider risk neutral buyers, who stand 
ready to invest when markets are down. Both sides 
of the market are matched by a risk-averse market 
maker. The extended model is described in Box 2.11
In the speciﬁ  c case of strategic buyers that are less 
(or not) exposed to liquidity shocks, the perspective 
of a localised liquidity crunch affecting other market 
participants may induce them to strategically delay 
their orders in anticipation of further price drops.
In the absence of intervention by the LLR, the 
strategic timing of individual market orders may 
cause a nontrivial social cost:
￿ ﬁ  rst, under broad circumstances, the price path 
determined by rational trading behaviour involves 
inefﬁ  cient precautionary liquidations;
￿ second, the market impact of investor fear may be 
ampliﬁ  ed by the strategic delay of buy orders.
In this process, liquidity risk and market structure 
play a key role for market dynamics. The qualitative 
features of equilibrium price paths can be depicted 
intuitively (see Chart 1) as functions of market 
slackness and the likelihood of proﬁ  t shocks entailing 
liquidity needs.
Chart 1 suggests that the higher the perceived 
probability of a liquidity shock, the more sellers 
will tend to liquidate assets early. Such early sales 
create an “endowment” in the market making 
sector which causes a further drop in prices. By 
contrast, asset prices are hardly affected when 
liquidity shocks are unlikely (as drawn in the lower 
part of the Chart). In “intermediate” environments 
where liquidity shocks are somewhat likely (middle 
smile of Chart 1), some but not all sellers will 
liquidate early. However, even if asset prices are 
below fundamental value, market makers will be 
the only agents willing to “early buy” the asset. 
Indeed, precautionary selling starts a downwards 
price trend which is anticipated and exploited by 
rational buyers.12 As a result, the market may not 
be able to fully resolve the temporary illiquidity of 
an asset.
11  Competitive market makers typically set prices such that the certainty equivalent of their material payoff is not affected through the execution of incoming 
order-ﬂ  ows. Initially, the price only depends on contemporaneous buy and sell orders. However, when uncertainty prevails as to whether liquidity shocks may 
shortly occur or not, market prices will depend on whether or not the liquidity shock has actually materialised. In case a shock indeed occurs, all constrained 
sellers who had not sold before will be forced to liquidate their positions. In case not, however, a subpopulation of investors may still sell the asset. In both cases, the 
equilibrium asset price reﬂ  ects the limited risk-taking capacity of market makers, which implies a liquidity premium for one side of the market. For example, when 
there are more sellers than buyers in the short term, market prices are depressed relative to the fundamental long-term value of the asset. A similar mechanism has 
been described by Grossman and Miller (1980). Intuitively, prices may fall below fundamentals even before any liquidity issue has arisen because some sellers may 
decide to precautionary sell in anticipation of the possibility of a forced liquidation in the future. Such conﬁ  dence-driven asset price drops are subject to strategic 
considerations on the part of buyers as well. On each trading day, market participants will trade with certainty when the transaction price anticipated for a delayed 
transaction is strictly less attractive. They will not trade if the opposite development for the market price is anticipated. The development of the market price is 
therefore bound to the decision of individual traders regarding the date at which to place their orders.
12  The model can also accommodate short selling.
Chart 1
Precautionary sales and price impact of liquidity 
shortages




Likelihood of a liquidity shock
Market slackness
(proportion of buyers relative to sellers)
All sellers liquidate early
Strong price impact
Some sellers liquidate early
Price impact also without shock
Some sellers liquidate early
No price impact in absence of a shockARTICLES
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Box 2
Modelling ﬁ  nancial market runs
Financial market runs have been formalised in different ways. This box provides a description of the dynamics of asset 
prices when liquidity shocks can occur at some trading point. The description synthetises a generalisation of the framework 
proposed by Bernardo and Welch (2004), see also Ewerhart and Valla (2007a).
Consider the market for a single risky asset (“the asset”) over three dates, where trade is feasible at dates 0 and 1, and 
the value of the asset is revealed and paid out to the holder of the asset at date 2. Before date 2, the value of the asset is 
uncertain, and known to be distributed normally with mean v and variance σ2. Both trade and payment occur in terms of 
a riskless asset (“cash”), whose return is normalized to zero.
Three types of traders are in the market. First, there is a continuum of risk-neutral traders referred to as the sellers, that 
hold the asset but no cash, and that may be forced to liquidate the asset at date 1. The size of the population of sellers 
is normalized to one. Second, there is a continuum of risk-neutral traders, referred to as the buyers, who do not hold the 
asset. Buyers can be either funded or unfunded. Funded buyers have a cash endowment equivalent to the asset’s fair 
value v, while unfunded buyers have no cash endowment. Finally, there are competitive risk-averse market makers that 
clear the market at dates 0 and 1.
At date 1, there is a probability s < 1 that the seller population is forced to liquidate individual positions for some exogenous 
reason. The state of the world is ω = ωS (for shock) with probability s and ω = ωN (for no shock) with probability 1 − s. The 
realization of the state of nature becomes public information immediately before trading at date 1. Apart from the forced 
liquidations, sellers and funded buyers have full discretion concerning the dates at which they place orders. Sellers (buyers) 
may choose to sell (buy) at date 0, 1, or not to trade. If the seller sells at date 0 or 1, he receives the respective market 
price prevailing on that date. If he does not sell, he realizes the fundamental value of the asset at date 2. If a funded 
buyer invests at date 0, he may either hold the asset until maturity or sell it again at date 1 at the prevalent market price.
If a buyer invests at date 1, he pays the market price at that date and holds the asset until maturity. The proﬁ  t for a potential 
buyer of not trading at all is normalized to zero. Market orders are generally submitted without limit.
The perfectly competitive market making sector acts myopically, has an initial cash endowment of χ0 and a utility function 
with constant coefﬁ  cient of absolute risk aversion > 0. Denote by α0 and β0 the mass of the sellers and funded buyers, 
respectively, that trade at date 0.
The market maker sets a price p0 such that the certainty equivalent of the market maker’s material payoff is not affected 
through the execution of the orders. This will determine the price at date 0 as a function of α0 and β0, i.e. of sell and buy 
order-ﬂ  ows.
The market price at date 1 depends on the realization of the liquidity shock. If the shock occurs, then all those sellers who 
have not sold at date 0 will be forced to liquidate their positions. Thus, in this case the entire population of size αS = 1 – α0 
of remaining sellers will sell at date 1. In the absence of a liquidity shock, however, an endogenous subpopulation of size 
αN < 1 – α0 of market participants sells at date 1. In addition to sellers, there may be funded buyers that sell investments 
at date 1. On the demand side, there is a population of funded buyers that has not bought at date 0 and may therefore 
decide to buy at date 1.
Given the market structure described above, zero-proﬁ  t market makers will set prices according to the rules (1) and (2) below:
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where αt reﬂ  ects sell orders (asset supply) and βt buy orders (asset demand) at t. The market price at date 1 depends on 
whether the liquidity shock has been realised (ω = ωS) or not (ω = ωN).ARTICLES
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As a direct consequence of those order-mismatches, 
risk is inefﬁ  ciently allocated. Indeed, at an individual 
level, the sellers do not take into account the effect 
of their sales on the development of the price path. 
Early liquidation, when chosen by a non-negligible 
subpopulation of the sellers, leads to a socially 
undesirable allocation of risks even when the shock 
eventually does not realize. The inefﬁ  ciency could 
be remedied if arbitrageurs had an interest in buying 
early for prices below but still reasonably close to 
the asset’s long-term valuation. However, buyers 
have an interest in delaying their orders, hence the 
persistence of the inefﬁ  ciency.13
4| POLICY OPTIONS 
  FOR CENTRAL BANKS
How can the LLR react to disruptive market liquidity 
developments? Generally speaking, a LLR can “inject 
cash” when liquidity grips. Cash injections are likely 
to deepen the market, thereby reducing the price 
impact of asset liquidations, which helps to mitigate 
the crisis.
Three main LLR options will be in turn discussed and 
ranked. One option consists in implementing efﬁ  cient 
price levels through outright intervention  (OI) 
in the asset market affected by the crisis. More 
customary interventions are the conduct of open 
market operations (OMOs) in the money market, 
and targeted liquidity assistance (TA), e.g., through 
the discount window.
4|1 Outright  intervention, 
  open market operation, 
  or targeted lending?
As a ﬁ  rst option, the LLR could actively trade the 
asset directly in the market to reduce the inefﬁ  cient 
risk allocation. The asset could be bought outright 
when the market price is prone to wide downwards 
disruptions –possibly releasing the position once 
prices are stabilised around the targeted fundamental 
asset value. Under this scenario, the LLR needs to 
buy a given quantity of assets to stabilize prices in 
the critical state, to which a given uncertain return 
can be associated.
As a second option, central banks may engage in 
market-wide OMOs. With an OMO, the central bank 
offers additional credit to any counterparty eligible 
to take part in the operation. Note that collateral 
requirements do not exclude per se any eligible 
market participant from the operation. Sellers in 
distress, for instance, are in possession of the risky 
asset which can –except in some extreme cases– be 
used as collateral. However, one drawback of OMOs is 
that not only distressed institutions but also unfunded 
speculative buyers could obtain liquidity, as long as 
they possess collateral. A second drawback is that 
only eligible counterparties (i.e. essentially banks) 
can access OMOs.
Thus, the liquidity offered by the central bank in the 
open market would be available to all eligible market 
participants. As long as market prices remain –even 
slightly– below fundamentals, it can be expected 
that speculating buyers participate in the operations. 
This is because the distressed institutions’ gain from 
averting an imminent liquidation corresponds to the 
difference between market prices at the time of the 
liquidity shock and at the time prices are back in 
line with fundamentals. This difference happens to 
be exactly equivalent to the gain for a speculative 
buyer that would receive central bank money at the 
OMO and invest it right away in the asset market 
in distress.
The rate at which OMOs are conducted plays an 
important role in channelling funds to market 
participants. When the OMO interest rate is “not too 
high”, funds remain attractive both for unfunded 
buyers and sellers. When tender rates are raised 
sufﬁ  ciently, speculative buyers would be deterred 
from borrowing and only the sellers in distress would 
come to the open market operation. This suggests that 
lending at a penalty rate would in theory allow to 
screen speculators away from the auction. However, in 
practice, it is unlikely that the respective populations 
of sellers and buyers could be so clearly separated 
that self-selection would be perfect, as required for the 
open market operation to match the payment structure 
of a targeted emergency lending operation.
13  In the context of the summer 2007 liquidity crisis, Joe Lewis, a Bahamas-based British billionaire, bought a nearly 7 per cent stake (i.e. a massive amount) in 
Bear Stearns more than a month after the fund collapsed and its share price initially fell. He announced on 12th September 2007 that he could “reduce his position 
shortly” if the shares rose signiﬁ  cantly (Financial Times, 13th September 2007).ARTICLES
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As a third option, the LLR could engage in the direct 
liquidity assistance of a targeted subpopulation of 
banks in distress. Any salvaged bank would keep 
the asset until prices have normalised, and then 
reimburse the LLR when feasible.
4|2 Policy  ranking14
Policy objectives in the context of a liquidity crisis 
can be many –they might cover market efﬁ  ciency, 
the discouragement of moral hazard, risk-return 
considerations, and price stability, in particular when 
the LLR is also the central bank. In this section, the 
focus lies on the trade-off between market efﬁ  ciency 
and risk-taking. We discuss the consequences for 
the LLR, in terms of exposure, of securing an asset 
price level close to its fundamental value under the 
three above-mentioned policies.15
More precisely, market efﬁ  ciency can be proxied by 
the deviation of asset prices from their fundamental 
value. In this respect, central banks may have in 
mind an asset price level that lies close enough to 
(but is not necessarily perfectly aligned with) the 
fundamental asset value. Turning to the level of risk 
resulting from involvement in emergency lending, 
the LLR may be subject, in particular, to both market 
and credit risks. The subsequent analysis applies to 
a wide class of risk metrics, including value-at-risk 
and expected loss measures.
For a given price level, the central bank exposure is 
the worst under the outright asset purchases. This 
is quite intuitive as in that case, the central bank 
bears all the market risk associated with asset price 
ﬂ  uctuations on its balance sheet.
Second ranked is the OMO. With a market wide 
operation, the central bank has no way to ensure 
that liquidity is channelled in an optimal way to 
ailing institutions –unless it conducts its auction 
at sufﬁ  ciently high penalty rates. Therefore, when 
asset prices are substantially below fundamentals, 
speculative buyers will be attracted to the liquidity 
auction together with the target population. While 
the central bank may in principle ration the auction 
to avoid an inﬂ  ated bid volume, rationing will not 
be discriminatory and it will still be necessary 
to supply more than the “true needs” to realign 
asset prices.16
Finally, direct targeted liquidity assistance ensures 
the lowest level of risk taking while achieving the 
most efﬁ  cient pricing in asset markets through a 
targeted channelling of funds.
As such, this policy ranking suggests that under 
certain circumstances, direct assistance to institutions 
in trouble can be preferred to OMOs. The reason is the 
strategic behavior of potential buyers who, similarly 
to the distressed sellers, have a motive for seeking 
funds when the market price falls signiﬁ  cantly 
under fundamentals.
14  The ranking relies on the assumption that none of the interest rates charged to banks is too high, because otherwise neither buyers nor sellers would ﬁ  nd it sufﬁ  ciently 
attractive to take up the credit from the lender of last resort.
15  Formally, Ewerhart and Valla (2007a) study the problem of a lender of last resort who minimizes exposure subject to a given level of efﬁ  ciency. Exposure is represented 
by a general-form risk metric that may include value-at-risk and expected loss measures.
16  Note that the tender procedure employed for the liquidity auction matters. For example, committing ex ante to a full allotment at a ﬁ  xed preannounced rate has an 
adverse incentive effect on speculative buyers. In practice, central banks have some ﬂ  exibility in the choice of their tender procedure, which may help somewhat 
(but not fully) mitigate the trade-off between efﬁ  ciency and exposure.ARTICLES
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The summer 2007 liquidity crisis illustrated how liquidity shortages in equity markets, money market (and in 
particular interbank) funding and lender of last resort (LLR) interventions are intertwined. Decisions taken 
by money market investors may amplify adverse developments in other segments of ﬁ  nancial markets 
–and vice versa.
Several policy alternatives are evaluated for the lender of last resort, including open market operations 
and targeted liquidity assistance. While the moral hazard dimension of targeted interventions is well known 
and should not be ignored, they nevertheless exhibit desirable properties in terms of the trade-off between 
LLR risk exposure and efﬁ  ciency of the risk allocation in the private sector. On those grounds, targeted 
operations may rank above market-wide open market operations.
Market illiquidity, disruptive asset sales and interbank liquidity dry-ups call for a reassessment of risk 
measures for highly leveraged investors. In particular, the consideration of balance sheet data may not be 
sufﬁ  cient for managing the risks of leveraged funds and investment vehicles. An explicit consideration of 
collateral pledges, market illiquidity, and potential non-availability of market prices would be useful for the 
risk monitoring of leveraged funds and investment vehicles.
Looking forward, at the heart of both policy issues –last resort rescues and risk monitoring– lie transparency 
requirements of two kinds. First, accurate information on the ultimate size and distribution of losses related 
to off-balance sheet items is needed. Second, an effective risk assessment relies on the ability to properly 
evaluate the “true” or “fundamental” values of assets, including complex ﬁ  nancial instruments such as 
structured credit products.ARTICLES
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